Abstract. Pulmonary function testing is a physiological test that measures how an individual inhales or exhales volumes of air as a function of time. Smoking is greatly associated with reduction of pulmonary function. This research is aimed to estimate the values of peak expiratory flow (PEF), forced expiratory volume in first second (FEV1), forced vital capacity (FVC) and ratio between FEV1/FVC among smoking and non-smoking students in Universiti Tun Hussein Onn Malaysia. Smoking is often related to obstructive disorder with low value of FVC, FEV1 and FEV1/FVC. These pulmonary functions were analyzed based on several variables such as; the number of cigarette smoked per day, duration of smoking, age, and body mass index (BMI) values. 70 healthy volunteers consist of smoking and non-smoking students was selected through several sessions. Students were interviewed to answer questionnaire on demographic, lifestyles and their smoking habit. The pulmonary function tests were conducted according to American Thoracic Society (ATS) standards. The results of the pulmonary functions were analyzed by using SPSS software to compare the pulmonary functions between the smoker and the non-smoker students. The results of the studies showed that the number of cigarettes smoked by respondent and the BMI values were the significant predictors of the decrease in FEV1/FVC values among university students
Introduction
The use of tobacco by adolescents remains a major public health concern worldwide. There are 1.2 billion smokers globally, of which more than 50% are young people. There are nearly 600 million tobacco users within the Southeast Asian countries, with the region contributing to about 50% of the global burden of tobacco users [1] . It is estimated that tobacco-related deaths will be the most important cause of deaths in developing countries by 2020 [2] . According to Global Adult Tobacco Survey 2011, 32.5% of the respondents in Malaysia where tobacco smoker with the age between 15-24 years [3] .
It is estimated that tobacco related death will become 1 billion in the 21st century compared to 100 million in the 20th century. It is also estimated 1 person die every 6 seconds from a tobacco related diseases [4] . Cigarette smoking is the major cause of many chronic diseases, such as stroke, heart disease, chronic obstructive pulmonary disease (COPD), periodontal disease, peripheral vascular disease, pneumonia, lung and oral cancer [2] , [5] . Lung is a directly affected organ by cigarette smoking. Various respiratory diseases including lung cancer, chronic obstructive pulmonary disease, interstitial lung diseases, bronchial asthma, are caused and worsen by cigarette smoking [6] .
The degradation of lung function and the severity of respiratory disease can be identified by pulmonary function tests (PFTs) [7] [8] [9] . PFTs is a tools to measure the volumes of air during individual inhalation or exhalation process. The main parameters measured by PFT are the peak expiratory flow (PEF), forced expiratory volume in first second (FEV1), forced vital capacity (FVC) and ratio between FEV1/FVC. Study conducted by Bano et. al in rural area of India concluded that smoker had 17.3 times more risk of having impaired pulmonary function as compared to non-smoker and obstructive pulmonary impairment was the commonest in smoker [10] [11] . Study by Boskabady et. al in Iran also concluded smoking leads to increased respiratory symptom (cough, wheezing and tightness) and reduction of PFTs value [12] . Study done among Thailand youth between 15 to 18 years old lead to the conclusion of FVC value of nonsmoker were significantly greater than smoker. It is also highlighted that early effect of cigarette in youth can lead to problem with respiratory system [13] .
There are limited study done to assess the pulmonary functions of young people especially that relate to young tobacco smoker mainly because the effects of smoking is believe to be significant for longer duration of tobacco smoking years, and may insignificant in young people with shorter duration of tobacco smoking years. However, in the last five decades, the anthropometric data of young adults have changed significantly owing to factors such as increasing body height, increasing body mass index, increasing air pollution level and decreased in physical activities [7] . Therefore, new pulmonary function data regarding young people, particularly young smokers and non-smokers are needed.
Methodology

Questionnaire Interview
The questionnaire interview questions were based on the following topics:
i. Demographic and health status (age, race, height, weight, previous pulmonary illness, asthma) ii.
Lifestyles (physical activities) iii.
Smoking habit (duration of smoking, the number of cigarette per day)
The questionnaire interviews were made to collect required variables that may correlate significantly with the pulmonary function results. It also conducted as screening tools to select healthy young university students that suitable to participate in this study. Students who exercised regularly/athletic or who had a history of or currently had obstructive or restrictive types of respiratory diseases and were taking treatment were excluded from this study. Student less than 19 years old or exceeding 29 years old or with excessive body mass index (BMI) was excluded. Only male students were asked to participate in this research to avoid inaccurate results due to limited sample of female student smokers. 70 students were divided into 2 main group of; smoker and non-smoker with the same sample size.
Pulmonary Function Tests (PFTs)
There are three distinct phases to the spirometry maneuver, as follows: i.
Maximal inspiration ii. A "blast" of exhalation iii. Continued complete exhalation to the end of test
The subject should inhale rapidly and completely from functional residual capacity, and the breathing tube should be inserted into the subject's mouth, making sure the lips are sealed around the mouthpiece and that the tongue does not occlude it. It is important that the preceding inspiration is fast and any pause at full inspiration be minimal (i.e., only for 1 -2 seconds). The test assumes a full inhalation before beginning the forced exhalation, and it is imperative that the subject takes a complete inhalation before beginning the maneuver [7] . Table 1 shows the pulmonary function parameters investigated in this study with definition. Each of these parameters was compared with the predicted value data from the spirometry software database (CareFusion Version 1.08) based on sex, age and height of the welders. The predicted value data were based on the healthy nonsmoking reference data taken during Pneumobile Project, Indonesia [14] . The results of pulmonary function were calculated in percentage predicted (% predicted) as the following;
× 100
(1) Table 1 The definitions of forced expiratory (FEV1), peak expiratory flow (PEF) and forced vital capacity (FVC) [7] .
Parameter Definitions Forced Vital Capacity (FVC)
FVC is the total maximum exhaled of individuals, which is the ability maximum force exhaled, expressed in litres / sec. Forced Expiratory (FEV1)
The volume delivered in the first second of an FVC manoeuvre Peak Expiratory Flow (PEF)
The maximum expiratory flow achieved from a maximum forced expiration, starting without hesitation from full inspiration Figure 1 shows the acceptability and repeatability criteria that need to be fulfilled for pulmonary function test. Flow should be measured from a series of at least three force expiratory curves that have an acceptable start of the test. The spirometer device needs to be calibrated daily with a 3-L volume calibrator syringe (Kahntact 3L Volume Calibration Syringe Type 5570) for low, medium, and high flow for accurate results. 
Statistical Analysis
Statistical analysis was conducted to correlate and recognize the significant variables for the pulmonary functions. Statistical analysis was conducted by the SPSS software version 18 (SPSS Inc., Chicago). T-test analysis was used to compare mean pulmonary function parameters between smoker and non-smoker. Kendall's Tau-b correlation analysis was done to get association between smoking duration and smoking status (smoker or nonsmoker) with pulmonary function parameters. Further analysis using multiple regressions were conducted to confirm the predictors of the pulmonary functions. The level of significance is taken as p <0.005.
Results and Discussion
The questionnaire is divided into four parts, A, B, C and D. Part A is a question about the demographics of the respondents, while part B is a question about their smoking activity information. In section C are questions about their health status information, and the next part D is about the status of their lifestyle information. A total of 70 respondents (35 smoker and 35 non-smoker) were taken into consideration in this study. Data of the lung function tests (Mean + standard deviation (SD)) for 70 students are shown in Table 2 . The mean age is 24.49 years for overall respondents with SD of 1.78. Table 3 shows the T-test analysis to compare the mean value of investigated pulmonary functions parameters of 35 smoking students and 35 non-smoking students. All investigated pulmonary functions parameters of FEV1, FVC, PEF and FEV1/FVC mean values were higher for the non-smoker students compare to the smoker students as expected. In addition, there is a significant correlation between FEV1 and FVC with smoking and non-smoking status among students as shown in Table 3 . The finding on FVC value were on the same agreement with Tantisuwat et. al [13] and Nawafleh et.al [15] . In addition, there is also a significant correlation between FEV1 with the number of cigarettes smoked per day (r = -.288, two tailed p <.001).
There were also significant correlation between duration of smoking with FVC values (r = -.125, two tailed p <.001) and FEV1 (r = -.151, two tailed p <.001). A significant correlation was also found between the ratio of FEV1 /FVC with BMI values (r = -.137, two tailed p <.001). Results of the study showed a decrease in lung function of FVC and FEV1 values was correlated with the increased number of cigarettes smoked per day and duration of smoking among students while increase BMI values correlated with a decrease in FEV1 / FVC. These results clearly shows the obstructive lung symptoms were detected in smoker group of students which significantly correlates with the number of cigarettes smoked per day, duration of smoking and BMI values. Table 5 shows the multiple regression analysis for the FEV1. The multiple regression analysis was performed to determine the significant predictor for the decrease in lung function. The multiple regression analysis showed that only the number of cigarettes smoked per day is the significant predictor for the decrease value in FEV1. Duration of smoking and BMI did not show a significant predictor for the decrease in FEV1. Table 6 shows results of the multiple regression analysis for the FVC. Results of the analysis showed only the number of cigarettes smoked per day is the significant predictor for the decrease values in FVC. Duration of smoking and BMI did not showed any significant predictor for the decrease in the FVC values. Table 7 shows the results of multiple regressions analysis for the ratio of FEV1 / FVC. The multiple regression analysis showed that only BMI is a significant predictor for the decrease in the value of FEV1 / FVC. Duration of smoking and number of cigarettes smoked per day did not show any significant predictor for the decrease in the FEV1 / FVC values. The significant relation between BMI and lung function parameters were also had been highlighted by Nawafleh et. al in study conducted in Jordan [15] . The results of pulmonary functions of investigated students cannot be compared directly with previous study from other researcher mainly due to the predicted set used were differs from one study to another. There were also difference existed in age and sex of the investigated subjects which had limit the comparison to be done between this study and previous study by other researcher
Conclusion
Investigation of pulmonary function among university students shows that the pulmonary function value of smokers was decreased compared to non-smokers. In addition, a significant correlation was found between the number of cigarettes smoked per day and duration of smoking with the decrease value of FVC and FEV1 of the smoking students. Besides that, the increase BMI values had shown a significant correlation with the decrease value of FEV1/FVC.
The results of the multiple regression analysis showed that the significant predictor of decrease in FEV1 and FVC values was the number of cigarettes smoked per day by respondent, while the decrease in value of FEV1/FVC was the influence of the BMI values.
In conclusion, smoking students had the lower pulmonary function values compared to non-smoking students.
